The objective of this study was to examine the associations between dietary patterns and the risk of Barrett's esophagus, a precursor to esophageal adenocarcinoma. The authors conducted a case-control study within the Kaiser Permanente Northern California population between 2002 and 2005. Patients with a new diagnosis of Barrett's esophagus (n ¼ 296 cases) were matched to persons with gastroesophageal reflux disease (n ¼ 308) without Barrett's esophagus and to population controls (n ¼ 309). Dietary information was obtained from a validated, 110-item food frequency questionnaire. A principal component analysis was used to identify major dietary patterns. Two major dietary patterns were ''Western'' (high in fast food and meat) and ''health-conscious'' (high in fruits, vegetables, and nonfried fish). When cases and population controls were compared, strong adherence to the health-conscious dietary pattern was inversely associated with Barrett's esophagus (odds ratio ¼ 0.35, 95% confidence interval: 0.20, 0.64; fourth vs. first quartile comparison). In contrast, data suggested an adverse effect of the Western dietary pattern on the risk of Barrett's esophagus, although no dose-effect relation was found. Results suggest strong associations between a diet rich in fruits and vegetables and the risk of Barrett's esophagus.
The incidence of esophageal adenocarcinoma has increased dramatically in the last three decades. Barrett's esophagus is a metaplastic transformation of the esophageal squamous epithelium into specialized intestinal columnar epithelium; it is associated with gastroesophageal reflux disease (GERD) and is considered a strong risk factor for and a common precursor of esophageal adenocarcinoma (1) (2) (3) . Patients with Barrett's esophagus are at a 30-40-fold increased risk of developing esophageal adenocarcinoma (1, 2) ; thus, identification of risk factors for Barrett's esophagus may pinpoint early events in the carcinogenic pathway for esophageal adenocarcinoma amenable to interventions to reduce cancer risk (4) (5) (6) (7) (8) . Diet is a modifiable risk factor that may influence cancer risk through several mechanisms, but little is known about the associations of overall dietary patterns with the carcinogenic sequence for Barrett's esophagus and esophageal adenocarcinoma.
Dietary factors such as antioxidants (9), fruits and vegetables (10) (11) (12) (13) (14) (15) , and fiber (10, 13, 16, 17) are reported to have inverse associations with the risk of esophageal adenocarcinoma, whereas fat, saturated fat, and cholesterol may increase cancer risk (13, 16) . However, studies of esophageal adenocarcinoma alone are unable to identify where in the proposed carcinogenic sequence from normal mucosa to GERD to Barrett's esophagus to esophageal adenocarcinoma these factors may influence development of the cancer. Diet may impact the risk of esophageal adenocarcinoma by 1) influencing the risk of GERD (a strong risk factor for both Barrett's esophagus and esophageal adenocarcinoma), 2) modifying the risk of developing Barrett's esophagus by influencing mucosal integrity or healing, or 3) altering the rate of neoplastic progression from Barrett's esophagus to cancer by changing the propensity for genetic damage to the cells (3, 18) . Examination of dietary effects on the risk of Barrett's esophagus may enable us to look at the early events in the carcinogenic process and thus may have both clinical and public health implications.
Compared with conventional analyses of individual nutrients, a study of overall dietary patterns more effectively captures the complexities of dietary intake. By identifying the most common dietary patterns in a population, we can evaluate the unified effects of nutrients and food items often consumed in combination. In addition, dietary pattern analysis is potentially useful in making dietary recommendations because it may be easier for patients to understand and incorporate recommendations for dietary patterns than methods to increase dietary intake of a particular nutrient (19) .
Although a recent study reported a nonsignificant inverse association between fruits and vegetables intake and the risk of Barrett's esophagus (20) , we know of no previous study that has investigated the effects of overall dietary patterns. We examined this association by using a case-control design that compared patients with a new diagnosis of Barrett's esophagus with population controls and, separately, with patients with GERD to evaluate risk factors for Barrett's esophagus among persons with GERD.
MATERIALS AND METHODS

Study population
We conducted a case-control study within the population of Kaiser Permanente Northern California, an integrated health services delivery organization. Kaiser Permanente Northern California serves approximately 3.3 million persons; its membership demographics closely approximate those of the underlying census population of Northern California (21, 22) . Eligible subjects were all adult (aged 18-79 years) Kaiser Permanente Northern California members who were continuously enrolled for at least 2 years prior to their index period, met the case or control definitions outlined below, and were able to understand spoken and written English. The index date for cases was the date of Barrett's esophagus diagnosis. The index date for controls was the midpoint of each 2-3-month selection interval for the cases. The questionnaires asked participants to report exposures in the year prior to their index date. The population and GERD comparison groups were frequency matched to the cases by gender, age at the index date, and geographic region (each subject's home facility). then reviewed the endoscopy and pathology records of potentially eligible cases. Subjects were included if the endoscopist clearly described a visible length of columnar-type epithelium proximal to the gastroesophageal junction/gastric folds, this area was biopsied, and the biopsies showed specialized intestinal epithelium (23) . The following patients were excluded: those with only gastric-type metaplasia of the esophagus according to all pathology evaluations; those with columnar metaplasia without features of intestinal metaplasia according to all pathology readings; those without a biopsy of esophageal origin; those whose biopsies showed only a mildly irregular squamocolumnar junction (i.e., an ''irregular z-line''); and those with a prior Barrett's esophagus diagnosis. Pathology slides underwent a separate manual review by a gastrointestinal pathologist (G. J. R).
Population controls
Population controls were randomly selected from among members without an electronic diagnosis of Barrett's esophagus at the time that the Barrett's esophagus cases were identified.
GERD comparison group
GERD comparison group members were randomly selected from among persons with the following characteristics prior to their index date: a GERD-related diagnosis code (International Classification of Diseases, Ninth Revision code 530.11 (reflux esophagitis) or 530.81 (gastroesophageal reflux)); a prescription for at least a 90-day supply of a histamine-2 receptor antagonist or a proton pump inhibitor (medications used for treating GERD symptoms) in the previous year (from electronic pharmacy records); no prior Barrett's esophagus; and an esophagogastroduodenoscopy administered close to the index date that did not demonstrate esophageal columnar metaplasia of any type.
Exposure assessment
We assessed subjects' dietary intake by using a validated food frequency questionnaire (Block 1998 , full length, 110 food items) for intake of various food items during the year prior to diagnosis of Barrett's esophagus (24) (25) (26) (27) . This questionnaire has good correlations with multiple-day dietary records in a wide variety of population subgroups and in assessing past dietary habit (10-15 years ago) (28) , and it correlates with serum measures for lipids and antioxidants (29, 30) . We excluded subjects if more than 20 food items were missing or if total caloric intake was extremely out of the range of the normal distribution curve (e.g., >6,000 kcal/day or <400 kcal/day).
Subjects included in the analysis
Interviewed in the original study were 320 Barrett's esophagus cases, 316 GERD controls, and 317 population controls. Of these persons, 296 Barrett's esophagus cases, 308 GERD controls, and 309 population controls were included in the analyses, after exclusion of subjects who did not complete the food frequency questionnaire (n ¼ 28) or whose responses on the questionnaire were extreme, as described previously (>20 skipped items, n ¼ 5; total caloric intake >6,000 kcal/day, n ¼ 3; total caloric intake <400 kcal/day, n ¼ 4.) The interviewed subjects represented 57 percent of all living, eligible subjects who were able to be contacted by phone. For the entire group of potentially eligible subjects identified, the interviewed subjects represented 43 percent of all those eligible. Reasons for nonparticipation for the entire group were as follows: declined to participate (33 percent), unable to contact by phone (18 percent), severe physical or mental disorders (5 percent) (these subjects primarily were excluded by their physician prior to contact), or deceased (1 percent).
Statistical analysis
We first assigned number of servings of each food item per week for each subject. We used the principal component analysis option in the Proc Factor command (SAS statistical software; SAS Institute, Inc., Cary, North Carolina) to identify and help interpret major dietary patterns. Principal component analysis is a data reduction technique that reduces the number of variables by creating a small number of patterns that account for much of the variance in the individual food items. In determining which patterns or factors to retain, we used a combination of 1) the Kaiser-Guttman rule (retaining components with an eigenvalue >1), 2) the Scree test, and 3) the ''interpretability criteria,'' which interprets the substantive meaning of the retained patterns and verifies whether the interpretation makes sense given current knowledge (31) (32) (33) . Factor loadings, which indicate each food item's contribution to a specific dietary pattern, were calculated by using orthogonal rotation, which provides patterns that are not correlated with each other to achieve a simpler structure (31) .
Once major dietary patterns were identified, each subject was assigned a score for each one. The scores, also computed with the Proc Factor command, are weighted sums of intakes, with weights equal to factor loadings. Subjects with a high score for a dietary pattern, compared with subjects with lower scores, had a stronger tendency to follow that type of dietary pattern. The scores were categorized into quartiles by using the distribution of the population controls.
We assessed the association between dietary pattern scores and Barrett's esophagus by using standard analytic techniques for evaluating case-control studies and unconditional logistic regression (34, 35) . We evaluated the following additional variables as potential confounders: ethnicity (White vs. non-White), smoking (ever vs. never smoker), body mass index (weight (kg)/height (m)
2 ), recent alcohol consumption (number of drinks/week), aspirin or nonsteroidal antiinflammatory drug use, a comorbidity index (the DxCg score, which creates a predictive comorbidity score based on demographic data, medical coding, and pharmacy utilization) (36, 37) , and total daily caloric intake. Confounders were included in the final model if they altered the b coefficient by more than 10 percent. SAS statistical software was used for all analyses, and all tests of statistical significance are two sided. The data collection and analyses were approved by the institutional review board.
RESULTS
Baseline characteristics
The baseline characteristics of the study subjects are presented in table 1. The demographic characteristics were fairly evenly distributed among the three groups, although cases tended to include a slightly higher proportion of ever smokers compared with the other groups. The average intakes of energy and total fat were comparable among the three groups, although population controls tended to have somewhat higher intakes of fruits and vegetables. Among the cases, the length of the Barrett's segment was <3 cm in 118 subjects (37 percent) and !3 cm in 151 subjects (47 percent); the length was not reported for 51 subjects (16 percent).
Dietary patterns
Eight factors had an eigenvalue >1; from the Scree plot and interpretability criteria, we identified from these eight factors two major interpretable dietary patterns. Factorloading matrixes for these factors are listed in table 2; for simplicity, only those dietary scores greater than 0.35 or smaller than À0.35 are shown.
The first factor was loaded heavily with meat products, fast food (e.g., French fries, pizza, hamburgers, and tacos), soft drinks, beer/liquor, and coffee and was low in tofu, cooked cereals, fruits, and water; we labeled this factor the ''Western'' dietary pattern (range of dietary score: À1.3 to 3.2). The second factor was loaded heavily with fruits and vegetables, nonfried fish, and tofu and was low in meat, salty snacks, fried foods, and soft drinks; we labeled this factor the ''health-conscious'' dietary pattern (range of dietary score: À1.5 to 5.9). The first factor explained 6.7 percent of the total variance of the data, and the second factor explained 6.0 percent of the total variance.
Western dietary pattern and Barrett's esophagus. Barrett's esophagus cases were more likely than the population controls to adhere to a Western diet rich in meats and fast food, although there was not a conclusive dose trend across the quartile categories (table 3) . When Barrett's esophagus cases were compared with population controls, those in the third quartile of this dietary pattern were more than twice as likely to have Barrett's esophagus compared with subjects in the lowest quartile of adherence to this dietary pattern (odds ratio (OR) ¼ 2.30, 95 percent confidence interval (CI): (1.26, 4.21); third vs. first quartiles) (table 3) . However, the association between the fourth quartile and the first quartile was weaker and nonsignificant, suggesting that there is no dose-effect relation.
Regarding the comparison of cases with GERD controls, the associations were weaker and nonsignificant (table 4) . This finding suggested that this dietary pattern is not a risk factor for Barrett's esophagus among persons with GERD.
Health-conscious diet and Barrett's esophagus. Barrett's esophagus cases were less likely than the population controls to adhere to a health-conscious diet high in fruits, vegetables, and nonfried fish. Persons with the strongest adherence to this dietary pattern had a 65 percent lower risk of Barrett's esophagus compared with those in the lowest quartile (OR ¼ 0.35, 95 percent CI: 0.20, 0.64; fourth vs. first quartiles), with a trend for decreasing risk across the quartiles (table 3) .
Similar associations were observed regarding comparisons between Barrett's esophagus cases and GERD controls (table 4). The health-conscious diet was inversely associated with risk of Barrett's esophagus (OR ¼ 0.56, 95 percent CI: 0.32, 0.96; fourth vs. first quartile), with a statistically significant test for trend across the quartiles (p ¼ 0.04). These data suggest that, among patients with GERD, a diet high in fruits, vegetables, and nonfried fish is inversely associated with risk of Barrett's esophagus.
Supplemental analyses
Analyses of confounding and interaction. We found no evidence of confounding by smoking, body mass index, recent alcohol consumption, aspirin or nonsteroidal antiinflammatory drug use, vitamin supplement use, or a comorbidity index. A fully adjusted model (containing all these factors plus age, gender, ethnicity, location of the facility, and energy) for a comparison of the fourth with the first quartile regarding the health-conscious diet (OR ¼ 0.35, 95 percent CI: 0.20, 0.64; cases vs. population controls) was not substantially different from a model that contained only age, gender, ethnicity, location of the facility, and energy (OR ¼ 0.39, 95 percent CI: 0.22, 0.74). Longterm (!2 years) vitamin supplement intake did not confound the association.
We also evaluated whether the dietary pattern associations differed depending on the use of dietary supplements containing vitamin C, obesity, or GERD symptoms (i.e., the presence of interaction with these factors). None of these variables showed statistically significant interactions.
Analysis of GERD symptoms. GERD is associated with Barrett's esophagus; thus, dietary patterns may be associated with Barrett's esophagus through a dietary pattern causing GERD. If this were true, we would expect that including GERD in the model would decrease or abolish the association between each dietary pattern and Barrett's esophagus. However, inclusion of a variable of at least weekly GERD symptoms did not substantially modify any of the associations shown, suggesting that these associations are relatively independent of GERD symptoms. For example, the risk estimate for the health-conscious diet in a model containing GERD (OR ¼ 0.39, 95 percent CI: 0.21, 0.77; fourth vs. first Evaluation for nonresponse bias. To evaluate nonresponse bias, we used electronic medical data available on many nonresponders. When electronic data were used, participants did not differ significantly from nonparticipants by gender, smoking status, or body mass index. Participants were less likely to be Asian or Hispanic and were slightly older (age 62 vs. 59 years). When telephone data were used, we found no differences by aspirin/nonsteroidal antiinflammatory drug use. Analyses confined to the population controls suggested that participants were more likely than nonparticipants to have an electronic diagnosis of GERD (25.9 percent vs. 13.6 percent, p < 0.01) and a slightly higher total comorbidity score (2.8 vs. 2.0, p < 0.01).
DISCUSSION
To our knowledge, this is the first community-based study to evaluate the effect of overall dietary patterns on the risk of Barrett's esophagus. Individuals adhering to dietary patterns high in fruits, vegetables, and nonfried fish had a substantially lower risk of developing Barrett's esophagus when cases were compared with either population controls or GERD controls. The inverse association was the strongest between this health-conscious diet and long-segment Barrett's esophagus. In contrast, persons adhering strongly to a Western diet (high in fast food and meat) were at a moderately increased risk of Barrett's esophagus, in comparisons of cases with population controls, but no association was observed when cases were compared with GERD controls. These findings suggest that dietary patterns may influence the risk of Barrett's esophagus among both the general population and persons with GERD.
These results extend the prior finding of a possible inverse association between intakes of antioxidants, fruits, and vegetables and esophageal adenocarcinoma (9, 10, 15); however, dietary pattern analyses provide additional information beyond individual micronutrients or food item intakes alone. Particular nutrients may simply be surrogates for certain dietary habits. For instance, antioxidant intake, a factor commonly reported to have a beneficial effect against cancer, may be a proxy for a diet rich in fruits and vegetables, which contain many other chemicals and nutrients. A prior analysis by our group, for example, suggested that antioxidants taken from food sources were inversely associated with the risk of Barrett's esophagus, but antioxidants taken as dietary supplements were not (data not shown), a finding also reported in a study of dietary antioxidants and the risk of esophageal adenocarcinoma (38) . In addition, complex interactions among known and unknown compounds within and between different dietary patterns are also likely.
Second, although our analysis suggested that GERD symptoms did not influence the association between dietary patterns and the risk of Barrett's esophagus (through diet simply causing GERD symptoms, and GERD being associated with Barrett's esophagus), we cannot preclude the possibility that the association between diet and Barrett's esophagus may be at least partially mediated by GERD. Persons with GERD may be similar to persons with Barrett's esophagus in many ways, making it more difficult to discriminate individual risk factors between the groups. In addition, there is an imperfect correlation between GERD symptoms and GERD-induced reflux damage, and there is a lack of reflux symptoms in a portion of persons with documented Barrett's esophagus or esophageal adenocarcinoma (39) (40) (41) (42) (43) . Finally, the Barrett's esophagus cases and the GERD controls both had symptoms that led to an endoscopic procedure. Persons who undergo endoscopy may differ from those who do not in many ways, including their dietary choices.
There are numerous strengths of this study. First, this is the first study to our knowledge to investigate the effect of overall dietary patterns on the risk of Barrett's esophagus, a metaplastic precursor to esophageal adenocarcinoma. Ours complements prior studies of dietary components as risk factors for esophageal adenocarcinoma by determining that diet may be associated with early changes in the carcinogenic pathway (e.g., Barrett's esophagus). Studies of cancer patients may be biased because of recall bias or behavioral/biologic changes such as those in weight or diet due to the diagnosis or treatments for the cancer itself. By considering only those patients with a new diagnosis of Barrett's esophagus and by identifying all patients with a new diagnosis within this population, we were able to evaluate whether diet acts early in the carcinogenic sequence, with less opportunity for bias.
Second, study subjects were ascertained from a diverse, broad population base that closely approximates the region's census demographics; thus, the results can likely be generalized to similar large populations. Third, the availability of two comparison groups enabled us to evaluate the effect of diet in the general population, as well as whether diet is a risk factor for Barrett's esophagus among persons with GERD.
There are several potential limitations of this analysis. First, case-control studies cannot definitively establish cause and effect (35) . Second, observational studies are subject to confounding by other unmeasured variables. Although analyses that evaluated several potential confounders provided little evidence of confounding, we cannot exclude the possibility that some measured or unmeasured factors might have influenced the results. Third, potential random measurement error in dietary data from a food frequency questionnaire is often an issue in nutritional epidemiology, although such measurement error would bias the results toward the null, strengthening the finding of the present study. Lastly, the presence of nonresponders may lead to bias; however, the electronic data suggested that nonresponders were, on average, somewhat healthier than responders, with lower comorbidity scores. This finding would suggest that the effect of nonresponse, if any, may bias the results toward the null (making the population controls more similar to the cases), thereby potentially increasing the strength of our findings.
In summary, using a principal component analysis technique in a community-based population, we found that two dietary patterns may influence the risk of Barrett's esophagus. Diets rich in fruits, vegetables, and fish were inversely associated with Barrett's esophagus, whereas Western dietary patterns may be adversely associated with the risk of Barrett's esophagus. These analyses provide data not available from evaluations of individual nutrients or foods, and, combined with other data suggesting that antioxidant supplementation alone is not associated with the risk of Barrett's esophagus, they suggest that overall dietary patterns may influence early events in the carcinogenic pathway for esophageal adenocarcinoma. Future studies are needed to evaluate the role of GERD in the etiologic pathway and whether dietary interventions influence the risk of Barrett's esophagus or esophageal adenocarcinoma among high-risk persons (e.g., persons with GERD).
